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Abstract
Background: It has been suggested that tooth loss in later life might increase dementia incidence. The objective of
this analysis is to systematically review the current evidence on the relationship between the number of remaining
teeth and dementia occurrence in later life.
Methods: A search of multiple databases of scientific literature was conducted with relevant parameters for articles
published up to March 25th, 2017. Multiple cohort studies that reported the incidence of dementia and residual
teeth in later life were found with observation periods ranging from 2.4 to 32 years. Random-effects pooled odds
ratios (OR) and 95% confidence intervals (CI) were estimated to examine whether high residual tooth number in
later life was associated with a decreased risk of dementia. Heterogeneity was measured by I2. The Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) system was used to assess the overall quality
of evidence.
Results: The literature search initially yielded 419 articles and 11 studies (aged 52 to 75 at study enrollment, n = 28,894)
were finally included for analysis. Compared to the low residual teeth number group, the high residual teeth number
group was associated with a decreased risk of dementia by approximately 50% (pooled OR = 0.483; 95% CI 0.315
to 0.740; p < 0.001; I2 = 92.421%). The overall quality of evidence, however, was rated as very low.
Conclusion: Despite limited scientific strength, the current meta-analysis reported that a higher number of residual
teeth was associated with having a lower risk of dementia occurrence in later life.
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Background
Dementia is a degenerative neuropsychological syndrome
that affects not only a person’s ability to perform everyday
activities, but also their cognitive skills including difficulties
with memory, language, and problem-solving [1]. These
difficulties occur because nerve cells in parts or most of
the brain involved in cognitive function have been dam-
aged or destroyed [2]. With the exception of cases of
dementia caused by genetic abnormalities, dementia is
thought to develop, like other common chronic dis-
eases, as a result of multiple factors rather than a single
cause [3]. Dementia is common as it affects 46.8 million
older adults worldwide with an annual incidence of 9.9
million [4]. As life expectancy rises across the planet,
most sharply in developing countries, the prevalence of
dementia is expected to increase as well [4, 5]. Dementia
has an enormous social and economic impact on patients,
families, and government programs [6]. Thus, there is
growing interest in identifying the risk factors for demen-
tia, especially modifiable ones, which may play a pivotal
role in preventing or at least delaying the progression of
dementia.
Recently, a number of systematic reviews and meta-
analyses examining longitudinal studies from Western
and Asian countries have focused on the link between
the number of teeth and cognitive status [7–9]. Despite
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the importance of examining the relationship between
tooth loss and dementia in later life, only one meta-
analysis, which was limited, was recently released [9].
Shen et al. [9] included cross sectional studies that might
not accurately estimate dementia incidence and did not
include important longitudinal studies in the analysis with-
out readily apparent reasons [10, 11]. In the meta-analysis
by Shen et al. [9], neither the process for the literature
search nor for assessing the quality of evidence using stan-
dardized tools were presented. Therefore, there is an ur-
gent need for a well-designed meta-analysis to examine the




A literature search was performed using the keywords
“teeth”, “tooth”, “dental”, “tooth loss”, “teeth loss”, “miss-
ing teeth”, “oral health”, “dental care”, “elderly”, “later
life”, “older adults”, “cognition”, “cognitive impairment”,
“cognitive decline”, “dementia”, or in various combina-
tions to identify every original study published in English
from PubMed, EMBASE, Medline/Ovid, Cumulative
Index to Nursing and Allied Health Literature, Web of
Science, and Google Scholar databases up to March
25th, 2017. See Additional file 1 for more detailed infor-
mation of systematic search strategy. Residual teeth num-
ber was defined as the count of natural teeth only and the
division between a “high” and a “low” number of teeth in
included studies ranged from 11 to 24 teeth (see Table 2).
Studies that examined the association between residual
teeth number and incidence of dementia in middle-age or
older adults were included. Studies depicting high and
low residual teeth groups at the time of study completion
were given preference. Selected papers were restricted
to cohort studies to prevent significant selection bias
from cross-sectional studies in determining the incidence
of dementia [12].
Study selection and data extraction
Two authors (X.L and C.C.) independently screened ti-
tles and abstracts. Full articles that met the criteria were
pooled after an independent review, they extracted the
data. Discrepancies were resolved in consultation with
two other authors (B.O. and D.H.) every phase. Alternative
search approach was performed by manually reviewing
the references of eligible articles. Through alternative
search, relevant twenty-three studies were added. The
high or low teeth number groups were collected from
tables and manuscript text in each study. When actual
data was not presented in certain studies, two authors
(K.H. and J.Y.) contacted the corresponding authors of
the studies by either email or phone call in order to ac-
cess data. Since the data originated from previously
published studies, an institutional review board approval
was waived. Finally, eleven studies were selected. Figure 1
presents the study selection process in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [13]. A summary of
each study is shown in Table 1 and Table 2 presents pa-
tient specification for each study.
Quality assessment
We used the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) [14] system to
assess the overall quality of evidence for each outcome.
Five domains (risk of bias, consistency, directness, preci-
sion, and publication bias) were considered to assess the
overall quality of evidence. The GRADE system rates the
quality of evidence as high, moderate, low, and very low
[15]. Meta-analysis from observational studies start from
a low quality of evidence. The quality of evidence may
decrease when there are serious limitations of any of the
five domains; therefore, optimal information size (OIS)
calculations as an objective measure of imprecision for
grading evidence were used. A priori assessment of risk
showed an increase by 50% from low residual teeth
number group with an alpha = 0.05 and beta = 0.80 com-
pared to the dementia incidence risk from high residual
teeth number group [10, 11, 15]. Publication bias was
assessed by Egger’s regression analysis, which provides a
more objective way to estimate the reliability of results,
[16] and by funnel plot for visual inspection of publica-
tion bias. Table 3 presented the quality of evidence using
the GRADEpro software [17].
Data synthesis and analysis
Individual study results were combined to calculate the
pooled odds ratio (OR) and 95% confidence intervals (CI)
using the random effects method [18]. Between-study
heterogeneity was assessed using the I2 static values of
50%, representing an extensive statistical inconsistency.
Subgroup analysis was performed to examine the effects
of observation period, definition of high residual teeth
number group, and study site. Meta-regression analysis
was performed to predict whether age, gender, alcohol,
smoking, diabetes, hypertension, depression, education
attainment, denture use, regular dental care would be
associated with the incidence of dementia. Studies were
excluded one at a time and meta-analysis findings were
individually analyzed against sensitivity analysis, which
specifically analyzes to assess the robustness of the review
results. For sensitivity analysis on publication bias, the
“trim-and-fill” methods proposed by Duval and Tweedie
[19] were used to further re-examine publication bias and
to estimate corrected pooled ORs. Second order terms as
sensitivity analysis of meta-regression results were used.
All analyses were performed in Statistical Package for the
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Social Sciences version 24 (IBM Analytics Inc.,
Armonk, New York, USA, 2015) and Comprehensive
Meta-Analysis version 3 (Biostat Inc., Englewood, New
Jersey, USA, 2014). A 2-sided p-value < 0.05 was con-
sidered statistically significant.
Results
Study selection and participants characteristics
A total of 28,642 patients from 11 cohort studies were
described in detail in Table 1 [10, 11, 20–28]. Observation
periods ranged from 2.4 (Kim et al. [11]) to 32 years
(Stewart et al. [24]). Age of enrollment ranged between
ages of 52 and 75. High and low residual teeth group
participants were 14,366 and 14,528, respectively. Between
9.6% (Yamamoto et al. [27]) and 32.8% (Paganini-Hill et al.
[26]) of participants in each study were excluded from
study enrollment or lost to follow-up during observation
period. Table 2 presents each study’s cognitive assess-
ment tool as well as dementia incidence rates per 100,000
persons by high/low residual teeth tooth groups. Stewart
et al. [24] and Paganini-Hill et al. [26] demonstrated the
highest rates of dementia incidence as well as the longest
observation periods, 32 years and 18 years, respectively.
Meta-analyses
Figure 2 presents the meta-analysis results, which are
the incidence of dementia between high and low residual
teeth number groups. High residual teeth number group
was associated with a decrease in the dementia occurrence
risk (pooled OR = 0.483; 95% CI 0.315–0.740; p < .001).
Heterogeneity was extensive (Q = 64.722, p < .001, I2 =
92.421%). Pooled incidence rates of dementia in low
and high residual teeth group participants were 8415
and 7729 per 100,000 persons, respectively as presented
in Table 3.
Quality assessment
The final quality of evidence was lowered to “very low”
because serious limitations were found regarding in-
consistency and publication bias of the GRADE [15]
system as shown in Table 3. The quality of evidence
started low because the analyzed studies were all ob-
servational [10, 11, 20–28]. There was evidence of
publication bias found by the Egger’s regression test
[16] (p = .009) and by the funnel plot as shown in Fig. 3.
The total number of study participants (28,894) exceeded
OIS (1471).
Fig. 1 PRIMA Study selection process for meta-analysis
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Subgroup and meta-regression analyses
In the subgroup analysis by length of observation period
(≥ 5 years, < 5 years), high residual tooth number group
was persistently associated with a decrease in dementia
occurrence (OR = 0.545; 95% CI 0.343–0.864; p = .010)
in ≥5 years [10, 20–24, 26, 28] and (OR = 0.358; 95% CI
0.185–0.693; p = .002) in < 5 years [11, 25, 27]. When the
high residual tooth number group was defined as ≥20
[10, 22, 23, 27, 28], it was associated with a decrease in
dementia occurrence (OR = 0.445; 95% CI 0.378–0.523;
p < .001). However, this association was diminished (p =
.264) in other definitions of high residual teeth group
[11, 20, 21, 24–26]. In terms of study location, high re-
sidual teeth number group was associated with a de-
crease in dementia occurrence risk in Asian countries
[11, 22, 23, 25, 27, 28] (OR = 0.381; 95% CI 0.271–0.536;
Table 1 Studies’ description
Study Publishing
year










Takeuchi et al. [22] 2017 Japan, Hisayama community 5.4 60 1996 430 (21.5%)
Komiyama et al. [23] 2016 Japan, Tsurugaya district
community
8 70, 75.2 948 114 (12.0%)
Stewart et al. [24] 2015 Sweden, Gothenburg
community
32 70 697 29% in 2000–2001 cohort;
30% in 2005–2006 cohort
Luo et al. [25] 2015 China, Jing’ansi community 3 60, 71.3 3836 3063 (20.1%)
Batty et al. [10] 2013 20 Countries, 215 centers 5 55, 66.2 11,140 1571 (14.1%)
Paganini-Hill et al. [26] 2012 United States, Retirement
community
18 52, 80.3 8403 2762 (32.8%)
Yamamoto et al. [27] 2012 Japan, Aichi community 3.7 65 4898 473 (9.6%)
Arrivé et al. [20] 2011 France, Gironde and Dordogne
communities
15 66,71.9 447 42 (9.4%)
Kim et al. [11] 2007 Korea, Kwangju community
(10/66 Dementia Research
Group)
2.4 65, 73.4 919 233 (25.3%)
Stein et al. [21] 2007 United States, Nun community 12 75, 83.0 144 24 (16.7%)
Shimazaki et al. [28] 2001 Japan, 29/30 institutions in
Kitakyushu
7 59, 79.7 719 236 (32.8%)
Table 2 Study specification: cognitive assessment tool and dementia incidence rate by high/low residual teeth number groups
Study Publishing year Cognitive assessment tool Dementia incidence rate, per 100,000 persons
High residual teeth number group Low residual teeth number group
Takeuchi et al. [22] 2017 DSM-III-Ra 7391 (≥ 20 teeth remaining) 16,939 (≤ 19 teeth remaining)
Komiyama et al. [23] 2016 MMSEb 6417 (≥ 20 teeth remaining) 11,087 (≤ 19 teeth remaining)
Stewart et al. [24] 2015 DSM-III-Ra 18,304 (≥ 21 teeth remaining) 30,522 (≤ 20 teeth remaining)
Luo et al. [25] 2015 DSM-IVc and MCId 2063 (< 16 missing teeth) 9783 (> 16 missing teeth)
Batty et al. [10] 2013 MMSEb 484 (≥ 22 teeth remaining) 1320 (≤ 21 teeth remaining)
Paganini-Hill et al. [26] 2012 MMSEb 21,592 (≥ 16 teeth remaining) 19,271 (≤ 15 teeth remaining)
Yamamoto et al. [27] 2012 A standardized questionnaire
developed by the Ministry of
Health, Labor, and Welfare in Japan
2848 (≥ 20 teeth remaining) 5854 (≤ 19 teeth remaining)
Arrivé et al. [20] 2011 DSM-III-Ra 31 (< 11 missing teeth) 41 (≥ 11 missing teeth)
Kim et al. [11] 2007 DSM-IVc 5556 (≥24 teeth remaining) 9908 (< 24 teeth remaining)
Stein et al. [21] 2007 MMSEb 36,468 (unknown) 68,421 (unknown)
Shimazaki et al. [28] 2001 Historical diagnosis information
from medical records
13,235 (≥ 20 teeth remaining) 32,739 (≤ 19 teeth remaining)
aDSM-III-R = Diagnostic and Statistical Manual of Mental Disorders, Revised, Third Edition
bMMSE =Mini-Mental State Examination
cDSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
dMCI = Mild Cognitive Impairment
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p < .001), but this finding was not observed in Western
countries [10, 20, 21, 24, 26] (OR = 0.646; 95% CI 0.364–
1.146; p = .135).
Table 4 depicts meta-regression analysis results. Old age
[10, 11, 20, 21, 23–28] (OR = 1.068; 95% CI 1.007–1.142;
p < .001), diabetes [10, 22, 24, 25] (OR = 3.542; 95% CI
1.135–4.885; p = .037), and hypertension [22, 23, 25, 28]
(OR = 3.146; 95% CI 1.071–4.610; p = .041) were predic-
tors of dementia incidence. On the other hand, high-
level education attainment [20, 22–24] (OR = 0.425;
95% CI 0.217–0.912; p = .015) and regular dental care
[22, 23, 26, 27] (OR = 0.581; 95% CI 0.298–0.946; p = .027)
were inversely associated with dementia incidence. Since
the studies conducted by Stewart et al. [24] and Stein et al.
[21] enrolled only female participants, these studies were
excluded from meta-regression on age. The rest of the
results from gender [10, 11, 20, 22, 23, 25–28], alcohol
[10, 22, 23, 26], smoking [10, 22–25, 27], depression
[23, 25, 27] and denture use [20, 22, 26–28] were not
associated with dementia incidence.
Sensitivity analyses
The resulting estimate of the corrected OR was 0.469
(95% CI 0.307–0.718; p < .001) by the “trim-and-fill”
method. While the corrected OR was increased, it did
not change the essential thrust of pooled ORs on the ef-
fect of higher residual teeth number being associated
with a lower incidence of dementia. The meta-analysis
found that high residual teeth number group was robust in
influencing the analysis. The results with pooled estimates
of OR of dementia incidence with high residual tooth
number group ranged from 0.315 to 0.740. With removal
of individual studies and the lower limit of 95% CI, the re-
sults ranged from 0.277 to 0.364. The upper limits of 95%
CI ranged from 0.603 to 0.792 with the removal of individ-
ual studies. The meta-regression results were confirmed
even with sensitivity analyses using a second-order term.
Discussion
Tooth loss and dementia incidence in later life
To the best of our knowledge, the current study is the
first well-designed meta-analysis that compares dementia
occurrence risk among residual teeth number groups in
later life. The current meta-analysis found that dementia
occurrence risk in the high residual teeth number group
was lowered by approximately half compared to the low
residual teeth number group. However, wide variations in
observation period, dementia definition, and high residual
teeth group definition between studies may have led to
greater heterogeneity among main findings. Despite sig-
nificant dementia incidence rates between high/low re-
sidual teeth number groups as presented by pooled OR
(0.483), the absolute difference of dementia incidence
rates between these two groups was relatively narrow
(+ 686 per 100,000 persons in low residual teeth number
group). This effect can be explained by Paganini-Hill et al.
Table 3 GRADEa quality of evidence
















0.740, p < 0.001)
28,894 (11 cohort
studies)
⨁◯◯◯ VERY LOW Random effects,
I2 = 92.421%
aGRADE = Grading of Recommendations Assessment, Development, and Evaluation; bOR = odds ratios; cCI = confidence intervals
Fig. 2 Meta-analysis results: High and low residual teeth number group comparison on dementia occurrence
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[26], which had the largest number of study participants
and yet had results, though with marginal significance,
that ran counter to those of the meta-analysis (high re-
sidual tooth number group increased dementia incidence).
There are multiple possible mechanisms by which
tooth loss can adversely affect cognitive function in later
life. It has been suggested that masticatory stimulation
with normal occlusion increases cerebral blood flow, ac-
tivation of the cortical area, and increases levels of oxy-
gen in blood [22, 29]. Reciprocally, poor mastication
decreases orofacial sensorimotor activity, which eventu-
ally results in an overall cognitive decline [30].
Meta-regression and factors associated with dementia in
later life
The association between tooth loss and dementia occur-
rence may be confounded by biological and healthcare
system factors. Advanced age is the strongest predictor
of incidence for any type of dementia as replicated by
the current analysis. This finding has been identified from
an early meta-analysis, which also noted that elderly
women had a higher rate of dementia incidence [31]. How-
ever, recent studies on the progression from mild cognitive
impairment to Alzheimer disease present conflicting re-
sults [32, 33]. A gender difference was not identified in
dementia incidence in our analysis.
A recent meta-analysis by Xu et al. [34] found a dose-
response relationship between alcohol use and dementia
incidence. Modest alcohol consumption was associated
with a decreased risk of dementia incidence while high
alcohol consumption was associated with an increased
risk of dementia incidence. Data collection of alcohol in-
take for the analyzed studies was not quantified except
for Batty et al. [10]; therefore, the lack of association
Fig. 3 Funnel plot of publication bias
Table 4 Meta-regression analysis of association between variables and dementia incidence
Tested variables Pooled odds ratioa 95% Lower limit 95% Upper limit
Age (9; 26,923) [10, 11, 21, 23–28] 1.068 1.007 1.142
Female (9; 27,823) [10, 11, 20, 22, 23, 25–28] 1.440 0.641 3.528
Alcohol (4; 10,931) [10, 22, 23, 26] 1.391 0.809 2.892
Smoking (6; 21,725) [10, 22–25, 27] 2.103 0.975 3.684
Diabetes (4; 16,466) [10, 22, 24, 25] 3.547 1.135 4.885
Hypertension (4; 5980) [22, 23, 25, 28] 3.146 1.071 4.610
Depression (3; 8322) [23, 25, 27] 1.894 0.906 3.998
High-level education attainment (4; 3502) [20, 22–24] 0.425 0.217 0.912
Denture use (5; 12,381) [20, 22, 26–28] 0.384 0.192 1.930
Regular dental care (4; 12,293) [22, 23, 26, 27] 0.581 0.298 0.946
aPooled odds ratio > 1 indicates that tested variable is associated with an increase likelihood of dementia incidence
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between alcohol intake and dementia occurrence found
in this meta-analysis could be explained by the mixed ef-
fects of modest and high-amount of alcohol consumption.
Previous studies have supported that smoking is associ-
ated with dementia incidence [35, 36]. The magnitude of
the relationship between smoking and dementia incidence
was effaced to the point of marginal non-significance in
this analysis, but potential selection bias from heteroge-
neous data may have occurred.
Diabetes and hypertension are cardiovascular risk factors
and, when these are uncontrolled over a long-period, they
may lead to atherosclerosis, which in turn may reduce
cerebral blood flow. This has been the main explanation
for the wide spectrum of cognitive impairment, from
mild cognitive impairment to vascular and Alzheimer’s
dementia [10, 37, 38].
Chewing with a removable denture is at least 30% to
40% less efficient than chewing with natural teeth [39].
Denture use might not restore the entire masticatory
function in elderly patients with tooth loss as much as
implants do. Therefore, denture use may not maintain
cerebral blood flow in patients with tooth loss [40].
Regular dental care was associated with a decreased
risk of dementia occurrence in meta-regression from 4
analyzed studies [22, 23, 26, 27]. More than half of adults
in the US faced at least partial tooth loss and had not re-
ceived regular dental care [41]. Except for Paganini-Hill et
al. [26], which found no association between regular den-
tal care and dementia incidence, three studies were con-
ducted in Japan. These studies found that regular dental
care reduced dementia incidence. The different lifestyle
and health care systems between Paganini-Hill et al. [26]
and the other three Japanese studies [22, 23, 27] may ex-
plain the different effects of regular dental care on demen-
tia incidence [42]. For example, older Japanese adults
might have more access to dental care through the Japa-
nese Ministry of Health and Welfare initiated nationwide
dental policy, the “80–20” campaign in effect since 1989
[43], as well as through a universal long-term care insur-
ance implementation that has been happening since 2001
[44], which promotes regular dental care in later life. In a
subgroup analysis, Asian studies found a greater associ-
ation between tooth loss and dementia incidence while in
Western studies, this association was diminished. This
finding could be interpreted as possible interactions be-
tween healthcare systems (universal vs. non-universal de-
livery systems) and dental care access. Therefore, future
comparative studies are urgently needed, to see whether a
link between regular dental care and dementia incidence
can be replicated in countries where different health care
systems, universal vs. non-universal, have been adopted.
Education itself could create an additional reserve
against clinical manifestations of dementia or educational
attainment may be the result of having a greater reserve
to begin with [45]. This hypothesis has been proven by
a serial of cohort [46] and meta-analyses [47]. Tem-
poral trends in developed countries, higher levels of
education attainment, and better control of cardiovas-
cular risk factors are considered likely contributors to
the declining dementia risk [48, 49]. Although educational
attainment is a powerful determinant of health among
older adults, participation in lifelong learning, especially
with a community-based approach, has a great potential
to attenuate the relationship between tooth loss and de-
mentia incidence [50]. Community-based lifelong learning
programs could enhance social networks, active engage-
ment, and encourage regular participation in intellectually
stimulating activities, which may delay the progression of
cognitive decline even in older adults whose cognition has
already started to decline [51].
Strengths and limitations
A strength of the current study is that the analysis was
based on cohort studies which are better able to feasibly
explain dementia occurrence when compared to cross-
sectional studies. Another strength is the application of
a structured approach to literature search and quality
assessment.
There are several limitations in this study. The oral cav-
ity, particularly in chronic periodontal disease, can affect
tooth loss [20, 21, 52] and cognitive impairment [53–55]
by multiple plausible explanations [7, 53]. Chronic inflam-
mation as measured by blood inflammatory markers are,
in turn, thought to play a central role in altering the in-
flammatory state within the brain via various microbial or
cytokines activities [54, 56–59]. The mediator role of
chronic periodontal disease has not been measured in the
original studies, therefore, the mediator effect of chronic
periodontal disease between tooth loss and dementia
could not be presented in the current analysis. Heterogen-
eity from differing observation times, cognitive assess-
ments, and definitions of high and low residual teeth
number groups could raise concerns of overgeneralization
when these findings are applied to real practice. There is
potential reverse causality due to long prodromal phase
of dementia. Time-person analysis might adjust an issue
resulting from potential reverse causality. In addition, a
time-person analysis could not be applied due to the lack
of data from studies except for the most recently pub-
lished study, Takeuchi et al. [22]. This analysis relied on
counting residual teeth at the completion of each study. A
mid-point analysis that may have provided more informa-
tion of time-variable analysis could not be performed.
Conclusions
These findings support a link between tooth loss and
dementia occurrence in later life. Further studies are
needed to evaluate the effects of chronic periodontitis
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on cognitive function in multi-point longitudinal studies.
In addition, further developments in restorative dental
prostheses by oral health scientists as well as optimizing
lifelong community education programs for local older
adults by community leaders and health policymakers
may defer or reduce negative outcomes associated with
tooth loss and cognitive decline.
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